I. Introduction 37)
Cigarette smoking has been shown to alter Another hypothesis regarding the contribution of tobacco, and especially nicotine, to the etiology of periodontitis is that the reparative and regenerative potential of periodontal cells may be affected. It has been documented that nicotine can suppress the growth of osteoblast-like cells in vitro. [12] [13] [14] Additionally, nicotine may be stored in and then released from periodontal fibroblasts.
However, most of this cytotoxic substance remains within the fibroblasts, resulting in alterations of the cellular metabolism or various functions. 15) Nicotine is a potent component of tobacco smoke. 16 ) Nicotinic receptors are widespread and are heterogeneous groups comprised of multiple sub-units. The exact importance of individual receptor sub-units is currently not fully understood. 17) However, this may explain in part the wide variety of physio-*It's work was supported by basic research grant of MOST(R04-2003-000-10165-0).logical responses produced by nicotine.
Sub-unit variability between target organs, cell types, and maybe even between cells at one site may explain the conflicting doseresponses of individual cell types, such as fibroblasts, isolated from different parts of body. 18) The major goal of periodontal treatment is the re-establishment of lost connective tissue attachment to the tooth root surface. Considerable evidence has shown that during periodontal regeneration, the cell type most likely to provide the major contribution is the periodontal ligament cell (PDL). [19] [20] [21] 
Evaluation of cytotoxicity
The relative growth rate(RGR) of the test group over the control group was calculated by the formula below and the data was interpreted by the cytotoxicity index in Table   1 . 24) 5. Evaluation of the reversibility of nicotine-induced cytotoxicity 
Statistical Evaluation
All data were described in terms of mean ±standard deviation and analyzed with a one-way ANOVA.
III. Results

Effects of Nicotine on Attachment of PDL Cells
Maximal attachment of control cells in the absence of nicotine was observed after incubation for 6 hours( Figure. 1) . No effect was found in the presence of 1 and 5 g/ml nicotine at all of the incubation periods.
With higher concentrations(100g/ml to 2mg/ ml) there was a dose-dependent inhibition of the attachment, which was even more evident after 6-hour incubation. With a nicotine concentration of 500g/ml, the percentage of cells attached at 1, 3, 6 hours was 57, 56, and 58% respectively, whereas the respective values for control cells were 86, 78, and 100%. 
Effects of Nicotine on Proliferation of PDL cells
The direct effects of nicotine on the growth of cells from periodontal ligament were determined over 14 days. Proliferation of cells in the presence or absence of nicotine is shown in Figure. Figure. 2).
Evaluation of cellular toxicity of PDL cells
After a one-day incubation period, extreme cytotoxicity was evaluated by a cytotoxicity index in the 2mg/ml nicotine-treated group, marked cytotoxicity was found in the 0.5mg/ml nicotine-treated group, moderated cytotoxicity was discovered in the 0.1mg/ml nicotine-treated group and weak cytotoxicity was observed in the 0.005 and the 0.001 mg/ml nicotine-treated groups. After a 14-day incubation period, the following determinations were made by cytotoxicity index; extreme cytotoxicity in the 2 and the 0.5 mg/ml nicotine-treated group, strong cytotoxicity in the 0.1mg/ml nicotine-treated group and weak cytotoxicity in the 0.001 mg/ml nicotine-treated group (Table 2) . 
Evaluation of the reversibility of cell damage of PDL cells
IV. Discussion
The present study investigated the effects of nicotine and its role of in periodontal disease via its direct effects on PDL cells. We 27) leukemia cells of human, 28) and cardiac fibroblasts, 29) but had no effect on HeLa cells 30) and fetal fibroblasts of human.
31)
Giannopoulou et al 22) found a dose-dependent inhibition of proliferation and morphological alterations such as the vacuolization and disruption of orientation at a concentration which was lower than that of the present experiment. James et al1 observed an inhibitory response at a concentration which had caused a significant inhibition in the present study. These discrepancies in the range of inhibitory concentrations may be due to differences in age, 32) strain, 33, 34) and race 7, 35) of the donor of the PDL cells.
The difference of the constitution of culture medium might have influenced the results as our experiment used 10% FBS as a control medium while James et al1 used 1% fetal calf serum.
In the present investigation, concentrations of nicotine higher than 2 mg/ml but lower than 5g/ml, caused a dose-dependent inhibition of the proliferation of PDL cells.
Peacock et al 36) found that in vitro exposure Ginannopoulou et al 22) observed that the attachment of the PDL cells was inhibited from 100ng/ml to 2g/ml of nicotine which in the present experiment had no effect on the attachment of the PDL cells. James et al1
observed that the attachment of the PDL cells was not inhibited at a concentration which in the present study caused a significant inhibition of the attachment. Discrepancies among various results could be explained by differences in the concentration of drug used and/or differences of fibroblast strains.
Vacuolization of human fibroblasts due to nicotine and other components of tobacco smoke have also been documented by several researchers. 39, 37, 40, 41) A number of vacuolizations were found prior to cell necrosis in the present experiment. Hanes et al 15) suggested that the number of vacuolizations is the result of the releasing of process a nicotine in the form of a vesicle. Tipton and Dabbos 39) noted that the vacuolization was temporary, and that the cells returned to normal conditions after three day exposure to nicotine.
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